These subjects were examined for caloric and protein demands. Subjects were matched for demographics, weight, albumin, prealbumin eliminating confounders. Demands among disease etiology/severity subgroups and statistical significance were determined. The incidence of EN v.TPN was determined. Results: Significant differences were found in total caloric demands, namely gallstone (n = 50) and alcohol (n = 36) (p = 0.04). Differences in protein demand were not established between these two groups (p = 0.24). Differences in caloric demand were found in bed-side index for severity in acute pancreatitis (BISAP) of 1, 2 and 3 versus 5. Protein demands were different between BISAP of 0 versus all others. 24% of the sample received EN. Conclu: sion: There are significant differences in total caloric demands for subjects with acute pancreatitis by disease severity and in gallstone versus alcohol-induced pancreatitis. These differences are not variations in the sample populations. Finally, EN is under-utilized despite knowledge of its value.
INTRODUCTION
The first reported review of acute pancreatitis was a 53-subject case series in 1889, by Reginald Huber Fitz, at Massachusetts General Hospital [1] [2] [3] [4] . Since the time of Fitz we have defined several etiologies and formulated numerous methods for staging the disease severity of acute pancreatitis [5, 6] . Although there are thousands of studies on acute pancreatitis, the treatment of etiologybased subpopulations has remained somewhat less understood and uniform [7] . One homogenous treatment is that of supplemental nutrition in subjects with acute pancreatitis.
Researchers have examined the impact of carbohydrates, lipids and proteins on pancreatic secretion. The conclusion of these animal studies is that intravenous (IV) nutrition through Total Parenteral Nutrition (TPN) increased pancreatic enzyme secretion and exacerbated the autodigestive process, while enteral nutrition (EN), decrease pancreatic secretion [8] [9] [10] [11] [12] [13] . The result of these findings has led to a significant difference in mortality, multiple organ failure (MOF), operative intervention, systemic infection and septic complication, favoring EN when compared to TPN [14] [15] [16] [17] [18] [19] [20] .
The value of lower mortality, decreased incidence of MOF, operative intervention, systemic illness and local septic complications when using EN versus TPN in patients with acute pancreatitis appears to be substantiated. However, none of the 779 studies performed have truly examined the difference in these benefits based upon the etiology or disease severity of acute pancreatitis. Additionally, EN is still underutilized in the setting of acute pancreatitis as a means of supplemental nutrition, despite its defined benefits [21, 22] .
In this study we shall demonstrate a statistically significant difference in the total caloric and total protein re-quirements of supplemental nutrition in acute pancreatitis patients. This difference will be based upon disease etiologies and severity, defined by BISAP score. Moreover, this study shall set out to demonstrate that despite the conclusive data favoring EN versus TPN, that a large percentage of the study population will still receive TPN.
METHODS

Study Design
This retrospective case series study was approved by the IRB at Cooper University Hospital and protocol was consistent with all ethical guideline set forth by the declaration of Helsinki. Eligible subject data was screened by admission diagnosis of acute pancreatitis to Cooper University Hospital from June 2007 to January 2010.
Subjects were included by the following criteria; the initiation of EN or TPN during the course of their hospital admission, performance of vital signs, mental status examination, subject weight within 24 hours of admission, albumin, prealbumin levels, blood urea nitrogen (BUN) testing, white blood cell count (WBC), radiographic imaging to examine for pleural effusions. Subjects were excluded if they were under the age of 18 years old, did not receive alternative nutrition, did not meet the necessary components for determining BISAP score or systemic inflammatory response syndrome criterion (SIRS) (Appendix 1 and 2 respectively) [5, 6] . This yielded a sample size of 161 (n = 161) for the etiology based group with one subject excluded for the severity based group as there was not sufficient data to perform the BISAP score (Appendix 1.0).
Subgroups Analysis
Initial subgroup analysis separated subjects into etiologybased categories. Secondary subgroup analysis divided subjects based upon disease severity. To determine disease severity, the Bedside Index for Severity in Acute Pancreatitis or BISAP score was utilized "Appendix 1" [5] . Age of subjects enrolled was entered in a data sheet to meet the BISAP criterion of age greater than or equal to 60. To establish the Systemic Inflammatory Response Syndrome (SIRS) criterion, subject temperature, heart rate, respiratory rate, white blood cell count and percent immature forms on admission were recorded "Appendix 2.0" [6] . Subjects that met 2 or more of these criteria were considered to meet the criteria for SIRS. Blood Urea Nitrogen (BUN) was recorded and if greater than or equal to 25 was considered positive. Finally the presence of impaired mental status on admission and pleural effusions was recorded as the final 2 criteria for the BISAP score. Subject BISAP Scores were scaled on a basis of zero to five, with five being the most severe form of pancreatitis.
Calculating Nutritional Requirements
Of the 161 subjects enrolled in this study, the data were analyzed for etiology of pancreatitis, date of initiation of alternative nutrition, type of alternative nutrition initiated. After alternative nutrition was initiated, subjects mean total caloric demands in kilocalories (kCal) and mean total protein demands in grams (gm) were calculated. The caloric demands were computed first based upon subject age, height and weight and sex utilizing the Harris-Benedict basal energy expenditure (BEE) [15] . This formula in males is: 
To calculate the Total Energy Expenditure (TEE), the BEE was then multiplied by the stress/activity factor (Appendix 3.0). Initial Protein demands were calculated by evaluating subject stress/activity level by factors estimating 10% -15% of TEE as protein demand (Appendix 4.0).
After the initial baseline was calculated, daily weight, serum albumin every 18 to 20 days and prealbumin every 2 -3 days measurements were performed to assess improving nutritional status. Disease states such as end stage renal disease, cardiovascular disease, diabetes and chronic obstructive pulmonary disease were accounted for, as these states are known to alter nitrogen elimination.
Statistical Analysis
Sample size was calculated based upon population prevalence of patients with acute pancreatitis utilizing a Z score of 1.96 and Confidence interval of 95%.
The subjects were separated based upon disease etiology and severity defined as BISAP score "Appendix 1." This group analysis was examined, as above, for date of alternative nutrition initiation, total caloric demands and total protein demands. Mean, standard deviation and standard error of mean for this data were calculated and p values were extrapolated utilizing standard t-Test analysis. Appropriate CI was calculated based upon Z-score analysis utilizing 1.96 when p values were under 0.05, but 2.25 when p values were under 0.01. The incidence of TPN and EN was determined by the number of occurrences of TPN/EN divided by the total sample population (n = 161). Sample population data were plotted on linear xy scatter plots. Total caloric and protein demands were graphed on double y-axis linear charts.
RESULTS
Study Population
The sample population (n = 161) was matched by sex, age and race " Table 1 and Table 2 ." The average age, weight, albumin and prealbumin levels of the gallstone (n = 50) and alcohol (n = 36) induced groups showed no statistically significant differences (p = 0.53, 0.59, 0.81 and 0.42 respectively). Similar trends were seen amid all etiology-based subgroups. Correspondingly, the severity based subgroups showed no statistically significant difference when comparing the average age, weight, prealbumin and albumin. Linear xy data plot showed clustering of this data between both the etiology and severity based sub populations indicating low variability amongst these population components.
Nutritional Demands of Etiology Based Subpopulation
The most prevalent populations observed were the gallstone (n = 50) and alcohol induced (n = 36) subgroups. A significant difference in the total caloric demands was detected for subjects with gallstone-induced pancreatitis, when compared with alcohol-induced pancreatitis (1916.02 mean kCal v. 2071.00 mean kCal, p < 0.040. Comparing other study subpopulations, statistically significant differences were found, sample sizes were small.
The protein demands were also compared amongst the etiology sub groups, showing no statistically significant difference between the gallstone and alcohol induced subpopulations (97.84 gm versus 106.08 gm, p value = 0.24). Again, significant differences were shown among the other etiology-based subgroups, however the sample sizes were small.
Nutritional Demands of Severity/BISAP Score Based Subpopulation
The total sample size (n = 160) was also subdivided by disease severity using BISAP score. One subject was excluded, as all of the criterion was not met to establish a BISAP score. When the data were analyzed diseased with respect to severity via the BISAP score, the results showed significant differences between the mean caloric demands of BISAP score of 1 (2061.80 kCal), BISAP score 2 (2026.96 kCal) and BISAP score 3 (2053.64 kCal) when compared to the total caloric demands of a BISAP score of 5 (1676.00 kCal) (p < 0.04, p < 0.05 and p < 0.05).
Protein demand of the subpopulation showed that the BISAP score of 0 (85.41 kCal) was significantly different when compared to the protein demands of BISAP scores of 1 (102.78 kCal, p < 0.01), 2 (109.30 kCal, p < 0.003), 
Enteral Nutrition Versus Total Parenteral Nutrition
In the etiology-specific sample population, of the 161 subjects, 37 subjects (n = 161, 22.98%) received EN (Table 3) . Similarly, in the disease severity subgroup, only 37 of 160 (n = 160, 23.13%) received EN ( Table 4 ). The only subgroup in which a larger number of subjects received EN versus TPN was that of infectious etiology (7 out of 12, 58.33%). Hyper-Triglyceridemia 3 0
Total
37
The incidence of subjects using TPN when compared with EN by etiology of disease. The incidence of subjects using TPN when compared with EN by severity of disease defined as BISAP score.
DISCUSSION
In this study, a significant proportion of the total sample size was composed of both gallstone (n = 50) and alcohol induced pancreatitis (n = 36). This composition was consistent with patient populations found in most hospitals in the United States. Analysis between the gallstone and alcohol induced subgroups showed a statistically significant difference in the total caloric demands (p < 0.04) Figure 1 . Based upon the calculations used for TEE, we then set out to determine if this difference is based upon disease etiology or whether the components of this calculation were confounders to our data.
Included in the TEE calculation are subject weight, age and sex to calculate BEE and stress/activity factors [15] . When matching our sample population for these parameters, the study showed no significant difference between the subject age, weight, prealbumin and albumin levels, along with similar sex and race distributions among all sample populations. Therefore differences in the total caloric demands of the alcohol and gallstone subgroups likely were due to inherent distinctions in catabolic stress and not variability within the sample population. Additionally, the differing catabolic states of these etiologyspecific subgroups may have indicated variation in their pathophysiology, though not confirmed by our data.
When examining the protein demands of the gallstone and alcohol subpopulations, no significant difference was found (p = 0.24) Figure 1 . In this case, calculating protein demand required the measurement of prealbumin and albumin over time. The measurement of prealbumin and albumin were not found to have statistically significant differences (p = 0.81, 0.42 prealbumin and albumin respectively), which is the likely explanation for the findings among mean protein demands of the etiologybased subgroups. Other differences were seen between the protein and total caloric demands of the etiologybased subgroups, however the size of the subpopulations may limit extrapolation of study data into clinical practice.
Another practical application of our study was to determine if a difference exists in total caloric and protein nutrition among varying degrees of disease severity. In this study, we defined disease severity via the BISAP score [5, 6] . As expected, BISAP scores of 0 had a lower total caloric demand when compared with BISAP scores of 1 -3. Analysis of the total caloric demands concluded statistically significant differences between the BISAP score of 1 -3 (p < 0.04, p < 0.05, and p < 0.05 respectively) when compared with the most severe BISAP score of 5. An interesting trend in BISAP sub-groups is that scores of 1 -3 showed higher total caloric demands when compared to BISAP scores of 4 -5 Figure 2 . One possible hypothesis is that with progressive pancreatic tissue necrosis, the unit-based catalytic process may be high but with less viable tissue remaining.
Within the BISAP sub group analysis were trends in protein demands. BISAP scores of 0 showed significant differences in mean protein demands when compared with all other BISAP scores. This may have indicated that protein demands increase from less severe acute pancreatitis and then plateau as severity increases Figure  2 .
In addition finding differences amongst nutrition by disease etiology and severity, this study also illustrated trends in the method of supplemental nutrition delivery. Early animal models using intravenous nutrition have shown an increase in pancreatic secretion via stimulation with amino acids such as L-tryptophan and L-phenylalanine, as well as with high fat content infusions [8] [9] [10] . As a result, TPN can cause an increase in pancreatic secretion that further exacerbates the autodigestive processes in acute pancreatitis [11] [12] [13] . Conversely, a decrease in pancreatic secretions through feedings distal to the ligament of Treitz (LOT) has also been established [23, 24] . Therefore, early EN through feedings distal to the LOT may lessen disease progression or complications.
The first notable advantage of EN is that of mortality. In a review of 8 significant studies, 7.9% of subjects receiving EN, and 15.8% of subjects receiving TPN demonstrated mortality. Subjects with severe pancreatitis demonstrated mortality in 3.1% receiving EN and 23.6% receiving TPN. Further studies examined the impact of EN and TPN on the incidence of Multiple Organ Failure (MOF), operative intervention, systemic infections and septic complications [14] [15] [16] [17] [18] [19] [20] . With this in mind, it is questionable why a small proportion of subjects (22.98% of the etiology based subgroup, and 23.13% of the BISAP subgroup) received EN Tables 3 and 4 .
Recent international studies have examined the frequency of EN with an estimated incidence of 20% -50% [21, 22] . These large international studies demonstrated that at other institutions, it is common to use nil per os (NPO) regimens, consistent with our study results. Of these sample groups, the initiation of EN was limited by; 1) A lack of specific skills for tube placement or 2) A general opinion that placing enteral feeding tubes is complicated [25] [26] [27] . To counteract these beliefs, additional studies have suggested techniques for positioning feeding tubes beyond the ligament of Trietz. Techniques utilized in these studies occurred at bedside and included; fluoroscopic advancement with serial radiographic images and the use of IV metoclopramide to ease tube placement.
To further simplify the initiation of enteral feedings, studies examined nasogastric tube (NGT) placement in comparison with jejunal feedings and TPN in acute pancreatitis [28] [29] [30] . The culmination of these studies demonstrated no difference in long term outcomes, diseaserelated mortality or morbidity when comparing NGT feeding with TPN or jejunal feeding. Furthermore, EN was shown by Eckerwall, et al. to improve glycemic control when compared with TPN. Regardless, it appears that further education must be implemented about the benefits of EN versus TPN in subjects with acute pancreatitis.
Potential limitations of this study may have been in limited sample size of certain sub-group analysis. Some of the more rare causes of acute pancreatitis may have failed to show statistical differences, as they failed to show significant study power. Increasing future sample size may potentiate future analysis of nutritional requirement in less common etiologies of acute pancreatitis. Additionally, the analyses were primarily retrospective and have limitations on long-term outcomes. To counteract this potential limitation, our group will prospectively use calorimetric measurements or urine nitrogen measurements to further analyze the metabolic demands.
CONCLUSIONS
This study demonstrated significant differences in mean total caloric demands between the gallstone and alcohol induced subgroups. Protein demands of the gallstone and alcohol induced subgroups were not statistically significant.
Analysis of total caloric demands showed a statistical difference between BISAP scores of 0 and 1, 2, 3. Protein demands were significantly different when comparing BISAP scores of 0 with all other BISAP scores. Finally, our study demonstrated poor use of EN in patients with acute pancreatitis receiving alternative nutritional support.
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